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DESCRIPTION 
CATALYST FOR POLYMERIZING a-OLEFIN AND 
PRODUCTION METHOD FOR a-OLEFIN POLYMER USING THE SAME 

Technical Field 

The present invention relates to a catalyst for 
polymeri zing a-ole fin and to a product ion method f or a-olef in 
polymer using the same. In further detail, the present 
invention relates to a catalyst for polymerizing a-olef in, 
comprising a combination of a solid catalyst component, an 
organoaluminum compound, and a specific- organic compound 
containing oxygen atom and nitrogen atom; and to a production 
method of a-olef in polymer using the same, thereby enabling 
the high yield production of a highly crystalline a-olef in 
polymer containing extremely low amount of amorphous 
component . 

Background Art 

Polyolefin, which is represented by polyethylene, 
polypropylene, and the like, is one of the most important 
plastics of high practical use; at present, it is generally 
used in automobile parts , home electric appliances, and the 
like . 

Concerning the production of polyolefin by 
polymerization, common olefins are extremely low in 
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polymerization activity; however, the polymerization 
activity of olefin had been increased by using a Ziegler 
type catalyst containing a transition metal compound and 
an organoaluminum compound to realize industrial production 
of polyolef in . Furthermore, the continuous development and 
improvements in catalyst technology have realized the 
control of molecular weight distribution for better physical 
properties of the polymer, the improvement of 
stereoregularity of ot-olefin, and the like. 

More specifically, for example, a large number of 
techniques have been disclosed for producing ot-olefin 
polymers at high yield as polymers having high 
stereoregularity by using a solid catalyst component 
containing titanium, magnesium, and a halogen as essentials 
(see, for example, patent references 1 to 3) . Among them, 
as seen in Patent reference 3, the polymerization catalyst 
using the solid catalyst component above in combination with 
an organoaluminum compound and an electron donor is highly 
practical because it exhibits favorable catalyst activity 
and stereoregularity. Recently, proposals have been made 
to newly add an organosilicon compound to the catalyst 
component to further improve the polymerization activity 
and the stereoregularity, or to widen the molecular weight 
distribution (for instance, see patent references 4 and 5) , 
and considerable number of other improvement proposals is 
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being made. 

However, so long as the present inventors are concerned, 
the stereoregularity of the a-olefin polymers is still 
insufficient even with the catalyst systems above, and 
particularly in the recent field where highly crystalline 
a-olefin polymers are required, further improvement for 
reducing the amorphous component is demanded. 
[Patent reference 1] Japanese Patent Laid-Open No. 
63310/1983 (Scope of Claims, page 3, upper right column) 
[Patent reference 2] Japanese Patent Laid-Open No. 
63311/1983 (Scope of Claims, page 3, upper left column) 
[Patent reference 3] Japanese Patent Laid-Open No. 
138706/1983 (Scope of Claims, page 1,- upper left column) 
[Patent reference 4] Japanese Patent Laid-Open No. 
14 52 04/1995 (Abstract) 

[Patent reference 5] Japanese Patent Laid-Open No. 
241318/1997 (Abstract) 

In the light of the aforementioned circumstances, the 
problems to be solved by the present invention are to realize 
a catalyst capable of producing an a-olefin polymer improved 
in stereoregularity by decreasing the amorphous components 
and to implement a production method for such a-olefin 
polymers . 

Disclosure of the Invention 
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In order to solve the aforementioned problems, the 
present inventors extensively studied each of the various 
catalyst components; as a result, they have found that a 
highly crystalline a-olefin polymer extremely low in 
amorphous components can be obtained at high yield by newly 
using an organic compound containing an oxygen atom in 
combination, and have improved s tereoregular i ty by 
decreasing the amorphous components, and have applied for 
patents (Japanese Patent Application No. 2001-68169; 
Japanese Patent Laid-Open No. 2002-265517, Japanese Patent 
Application No. 2001-68093; Japanese Patent Laid-Open No. 
2002-265518) . Furthermore, in relation with the solution 
for the aforementioned problems, in order to realize high 
yield production of a highly crystalline a-olefin polymer 
extremely low in amorphous components, the inventors made 
total consideration and searched for a novel catalyst 
component from the viewpoints of coordination at the catalyst 
active sites and selective poisoning. As a result of 
repeated experimental studies, they have found that a highly 

crystalline a-olefin polymer extremely low in amorphous 
components can be obtained at high yield by combining an 
organoaluminum compound and a compound having a specific 
C(=0)N bond with the solid catalyst component, and 
accomplished the present invention. 

The newly created present invention, which is 
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characterized in that a novel specific compound is employed 
for the catalyst component of the Ziegler type catalyst, 
is basically const ituted by invention units (1) to (11) given 
below . 



(1) A catalyst for polymerizing a-olefin, comprising 
a combination of: a component (A) which is a solid catalyst 
component containing magnesium, titanium, and a halogen as 
an essential component; a component (B) which is an 
organoaluminum compound; and a component (C) which is a 
compound containing a C(=0)N bond. 

(2) The catalyst for polymerizing a-olefin described 
in the (1) above, wherein the compound containing a C(=0)N 
bond of the component (C) is selected from compounds 
represented by the following general formula [1] or [2]: 

R 1 R 4 R 6 



r 2 ^ >r r 5 - -cr ^r 7 



II 

O O 
[1] [2] 



wherein R 1 to R 7 each represents an aliphatic hydrocarbon 
group, an alicyclic hydrocarbon group, an aromatic 
hydrocarbon group, or a hetero atom-containing hydrocarbon 
group, which have one or more carbon atoms, and the arbitrary 
groups of R 1 to R 3 and the arbitrary groups of R 4 to R 7 may 



be combined to form a ring structure. 

(3) The catalyst for polymerizing a-olefin described 
in the (1) or (2) above, which further comprises in 
combination a component (D) which is a silicon compound, 
or a compound having at least two ether bonds. 

(4) The catalyst for polymerizing a-olefin described 
in any one of the (1) to (3) above, wherein the component 
(A) is obtained by bringing the following component (Al ) 
and component (A2) in contact with each other: 
Component ( Al ) : a solid component containing titanium, 
magnesium, and a halogen as an essential component; and 
Component (A2) : a silicon compound represented by the 
following formula : 

R 8 R 9 3 _ m Si (0R 10 ) m 

wherein R 8 represents an aliphatic hydrocarbon group, an 
alicyclic hydrocarbon group, or a hetero atom-containing 
hydrocarbon group; R 9 represents an aliphatic hydrocarbon 
group, an alicyclic hydrocarbon group, a hetero 
atom-containing hydrocarbon group, a halogen, or hydrogen; 
R 10 represents a hydrocarbon group; and m is 1 < m < 3. 

(5) The catalyst for polymerizing a-olefin described 
in the (4) , wherein the component (A) is obtained by further 
bringing the following component (A3) in contact: 
Component (A3) : an or ganoaluminum compound. 

(6) The catalyst for polymerizing a-olefin described 
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in any one of the above (1) to (3), wherein the component 
(A) further comprises a component (E) which is an electron 
donor. 

(7) The catalyst for polymerizing a-olefin described 
in the (4) or (5), wherein the component (Al) further 
comprises a component (E) which is an electron donor. 

(8) The catalyst for polymerizing a-olefin described 
in any one of the (3) to (7), wherein the silicon compound 
of the component (D) is a silicon compound represented by 
the following formula: 

R 8 R 9 3_ m Si (OR 10 ) m 

wherein R 8 represents an aliphatic hydrocarbon group, an 
alicyclic hydrocarbon group, or a hetero atom-containing 
hydrocarbon group; R 9 represents an aliphatic hydrocarbon 
group, an alicyclic hydrocarbon group, a hetero 
atom-containing hydrocarbon group, a halogen, or hydrogen; 
R 10 represents a hydrocarbon group; and m is 1 < m < 3. 

(9) The catalyst for polymerizing a-olefin described 
in any one of the (3) to (7), wherein the compound having 
at least two ether bonds of the component (D) is an aliphatic 
diether or an aromatic diether. 

(10) The catalyst for polymerizing a-olefin described 
in one of the (6) to (9) , wherein the electron donor of the 
component (E) is a phthalic acid diester compound, a 
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cellosolve acetate ester compound, a phthalic acid dihalide 
compound, a succinic acid diester compound, or an aliphatic 
or an aromatic diether compound. 

(11) A product ion method for an a-olef in polymer, which 
comprises homopolymer i zing or copolymerizing a-olefin 
using a catalyst for polymerizing a-olefin described in any 
one of the (1) to (10) . 

Brief Description of the Drawings 

FIG . 1 is a flow chart to make the catalyst of the present 
invention more clearly understood. 

Best Mode for Carrying Out the Invention 

The present invention, whose overview is described 
above, is explained more specifically in detail below. 

1. Catalyst for polymerizing a-olefin 
The catalyst for use in the present invention comprises 
a combination of component (A), component (B), and a specific 
component (C) . The term "comprises a combination of " referred 
herein does not signify that the components are only 
restricted to the ones enumerated herein (that is, component 
(A) , component (B) , and a specific component (C) ) , but that 
other components are allowed to coexist so long as they do 
not impair the effect of the present invention. 
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(1) Solid catalyst component (Component (A)) 
The catalyst of the present invention is a catalyst 
for polymerizing ot-olefin comprising a combination of (A) 
a solid catalyst component containing magnesium, titanium, 
and a halogen as an essential component; (B) an 
organoaluminum compound; and (C) a compound containing a 
C (=0) N bond. 

Further preferably, the component (A) may contain an 
electron donor as component (E) . 

As the component (A) , preferably, a contact product 
of a speci fic solid component (component (Al)) and a specific 
silicon compound (component (A2)) is used. More preferably 
used as the component (A) is a contact product of a specific 
solid component (component (Al ) ) , a specific silicon 
compound (component (A2)), and a specific organoaluminum 
compound (component (A3) ) . Furthermore, preferably, the 
component (A) may contain an electron donor as component 
(E) . (The arbitrarily used electron donor as component (E) 
may be selected from the same group as that used arbitrarily 
for component ( Al ) ) . The component (A) as described above 
according to the present invention allows the coexistence 
of the components other than the aforementioned three 
components, so long as they are in conformity with the 
objectives of the present invention. 
1) Component (Al) 
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The solid component for use in the present invention 
is a solid component for stereoregular polymerization of 
a-olefin, which contains titanium, magnesium, and a halogen 
as an essential component. The term " containing as an 
essential component" referred here indicates that the 
component may contain, in addition to the three components 
enumerated above, other elements in conformity with the 
objectives of the present invention, that these elements 
may each exist as an arbitrary compound in conformity with 
the objectives of the present invention, and that these 
elements may exist bonded to each other. 

The solid component containing titanium, magnesium, 
and a halogen itself is a known one. 

As the magnesium compounds for use as the magnesium 
source in the present invention, there may be mentioned 
magnesium dihalide , dialkoxymagnesium, alkoxymagnesium 
halide, magnesium oxyhalide, dialkylmagnesium, 

alkylmagnesium halide, allyloxymagnesium, 

allyloxymagnesium halide, metallic magnesium, magnesium 
oxide, magnesium hydroxide, carboxylates of magnesium, and 
the like. 

Among them, preferred are the magnesium compounds 
represented by Mg ( OR 11 ) 2 -nX n (where, R 11 represents a 
hydrocarbon group, preferably such containing from about 
1 to 10 carbon atoms; X represents a halogen; and n is 0 



10 



< n < 2), such as magnesium dihalide, dialkoxymagnesium, 
alkoxymagnesium halide, and the like; and more preferred 
is magnesium dihalide. 

As the titanium compounds for use as the titanium source, 
mentioned are the compounds represented by the general 
formula Ti (OR 12 ) 4 - P X p (where, R 12 represents a hydrocarbon 
group, preferably such containing from about 1 to 10 carbon 
atoms; X represents a halogen; and p is 0 <p < 4) . Preferred 
among them are the tetravalent titanium compounds, and more 
preferred are the tetravalent titanium compounds containing 
halogen . 

Specific examples include TiCl 4/ TiBr 4 , Ti (OC 2 H 5 ) Cl 3 , 
Ti (OC 2 H 5 ) 2CI2, Ti (OC2H5) 3CI, Ti (0-iC 3 H 7 ) Cl 3 , Ti (0-nC 4 H 9 ) Cl 3 , 
Ti (0-nC 4 H 9 ) 2CI2, Ti (OC2H5) Br 3 , Ti(OC 2 H 5 ) ( 0-nC 4 H 9 ) 2 C1 , 
Ti (0-nC 4 H 9 ) 3 C1, Ti (OC 6 H 5 ) Cl 3 , Ti ( O- iC 4 H 9 ) 2 C1 2 , Ti ( OC 5 H n ) Cl 3 , 
Ti (OC 6 H 13 ) Cl 3 , Ti (OC 2 H 5 ) 4 , Ti (0-nC 3 H 7 ) 4 , Ti (0-nC 4 H 9 ) 4 , 
Ti (0-iC 4 H 9 ) 4 , Ti (0-nC 6 Hi 3 ) 4 , Ti (0-nC 8 Hi 7 ) 4 , 
Ti (OCH2CH (C 2 H 5 ) C 4 H 9 ) 4 , and the like. 

Furthermore, a molecular compound reacted with an 
electron donor described hereinafter can be used for TiX' 4 

(where, X' represents a halogen) as the titanium source. 
As the specific examples for such molecular compounds, there 
can be mentioned TiCl 4 -CH 3 COC 2 H 5 , TiCl 4 -CH 3 C0 2 C 2 H 5 , 
TiCl 4 -C 6 H 5 N02, TiCl 4 -CH 3 COCl, TiCl 4 -C 6 H 5 COCl , TiCl^CeHsCC^Hs, 

TiCl 4 -ClCOC 2 H 5 , TiCl 4 «C 4 H 4 0, and the like. 
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Further, also usable are titanium compounds such as 
TiCl 3 (including those obtained by reducing TiCl 4 with 
hydrogen, with metallic aluminum or with an organometallic 
compound, and the like) , TiBr 3 , Ti (OC 2 H 5 ) Cl 2 , TiCl 2 , 
di eye 1 open tadienyl titanium di chloride, 

dicyclopentadienyltitanium trichloride, and the like. 

Among the titanium compounds above, pref erredare TiCl 4 , 
Ti(OC 4 H 9 ) 4 , Ti (OC 2 H 5 ) Cl 3 , and the like, and more preferred 
are TiCl 4 and Ti(OC 4 H 9 ) 4 . 

The halogen is generally supplied from the halogen 
compounds of magnesium and (or) titanium, however, it may 
be supplied from other halogen sources such as known 
halogenating agents, for instance, the halides of aluminum, 
e.g., AICI3, AlBr 3 , A1I 3 , EtAlCl 2 , Et 2 AlCl, etc.; the halides 
of boron, e.g., BC1 3 , BBr 3 , BI 3 , etc.; the halides of silicon, 
e.g. , SiCl 4 , MeSiCl 3 , etc. ; the halides of phosphorus, e.g. , 
PC1 3 , PCI5, etc.; the halides of tungsten, e.g., WC1 6 , etc.; 
the halides of molybdenum, e.g., M0CI5, etc. The halogen 
contained in the catalyst component may be fluorine, 
chlorine, bromine, iodine, or a mixture thereof, and 
particularly preferred is chlorine. 

Furthermore, in the case of producing the solid 
component of component (A) , an electron donor as component 
(E) may be used as an internal donor for arbitrary component . 
In case the component (A) is contacted with component (A2) , 
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or component (A2) and component (A3), the electron donor 
as component (E) is preferably contained in component (Al). 

As the electron donor of component (E) (Internal donor) 
for use in the production of the solid component, there can 
be exemplified alcohols, phenols, ketones, aldehydes, 
carboxylic acids, esters of organic acids and inorganic 
acids, ethers, acid amides, oxygen-containing electron 
donors such as acid anhydrides, nitrogen-containing 
electron donors such as ammonia, amine, nitrile, and 
isocyanate, sulfur-containing electron donors such as 
esters of sulfonic acid, and the like. 

More specifically, there can be mentioned (a) alcohols 
having 1 to 18 carbon atoms, such as methanol, ethanol, 
propanol, butanol, pentanol, hexanol, octanol, dodecanol, 
octadecyl alcohol, benzyl alcohol, phenyl ethyl alcohol, 
isopropyl benzyl alcohol, ethylene glycol, propylene 
glycol, 1 , 3-propanediol , and the like. 

(b) Phenols having 6 to 25 carbon atoms, which may 
have an alkyl group, such as phenol, cresol, xylenol, ethyl 
phenol , propylphenol, isopropylphenol , nonylphenol, 
naphthol, 1 , 1 ' -bi-2-naphthol , and the like. 

(c) Ketones having 3 to 15 carbon atoms, such as acetone, 
methyl ethyl ketone, methyl isobutyl ketone, ace tophenone , 
benzophenone, acetylace tone , and the like. 

(d) Aldehydes having 2 to 15 carbon atoms, such as 
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acetoaldehyde, propionaldehyde , octyl aldehyde , 

benzaldehyde, tolualdehyde, naphthaldehyde, and the like. 

(e) Organic acid esters having 2 to 20 carbon atoms, 
such as organic acidmonoesters, e.g., methyl formate, methyl 
acetate, ethyl acetate, vinyl acetate, propyl acetate , octyl 
acetate, cyclohexyl acetate, butyl acetate cellosolve, 
ethyl propionate, methyl butyrate, ethyl valerate, ethyl 
stearate, methyl chloroacetate, ethyl dichloroace t at e , 
methyl methacr ylate , ethyl crotonate, ethyl 
cyclohexanecarboxylate, methyl benzoate, ethyl benzoate, 
propyl benzoate, butyl benzoate, cyclohexyl benzoate, 
phenyl benzoate, benzyl benzoate, butyl benzoate 
cellosolve, methyl toluylate, ethyl toluylate, ethyl 
ethylbenzoate, ethyl anisate, ethyl ethoxybenzoate, 
y-butyrolactone, a-valerolactone , coumarin, etc.; or esters 
of multivalent organic acids, e.g., diethyl phthalate, 
dibutyl phthalate, diisobutyl phthalate, diethyl 
succinate, dibutyl 2, 3-diethyl-succinate, dibutyl 
2, 3-diisopropyl-succinate, dibutyl tartarate, dibutyl 
maleate, diethyl 1, 2-cyclohexanecarboxylate, ethylene 
carbonate, norbornanedienyl- 1 , 2-dimethyl carboxylate, 
n-hexyl cyclopropane- 1 , 2-dicarboxylate, diethyl 
1 , l-cyclobutanedicarboxylate, etc . 

(f ) Inorganic acid esters such as silicic acid esters, 
e.g., ethyl silicate, butyl silicate, and the like. 
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(g) Acid Halides having 2 to 15 carbon atoms, such as 
acetyl chloride, benzoyl chloride, toluylic acid chloride, 
anisic acid chloride, phthaloyl chloride, isophthaloyl 
chloride, and the like. 

(h) Ethers having 2 to 20 carbon atoms, such as ethyl 
ether, isopropyl ether, butyl ether, amyl ether, 

t etrahydrof uran, anisole, diphenyl ether, 
2 , 2 ' -dimethoxy- 1,1' -binaphthalene , 

1, 3-dimethoxypropane, 

2 , 2 -dimethyl- 1 , 3-dimethoxypropane, 

2, 2-diisopropyl-l , 3-dimethoxypropane, 
2, 2-diisobutyl-l , 3-dimethoxypropane, 

2 -isopropyl- 2 - isobutyl- 1 , 3-dimethoxypropane , 
2-isopropyl-2- s-butyl- 1 , 3-dimethoxypropane , 
2 - t-but y 1-2 -methyl- 1 , 3-dimethoxypropane, 
2- t-butyl-2 -isopropyl- 1 , 3-dimethoxypropane, 
2, 2-dicyclopent yl- 1 , 3-dimethoxypropane, 
2, 2-dicyclohexyl-l , 3-dimethoxypropane, 

2 , 2 -diphenyl- 1 , 3-dimethoxypropane, 1 , 3-diethoxypropane, 

2. 2- dimethyl- 1 , 3-diethoxypropane, 1, 3-dipropoxypropane, 

1. 3- dibutoxypropane, 

2, 2-diisopropyl-l , 3-diethoxypropane, 

1,2, 3- trimethoxypropane, 1,1, 1- trimethoxymethyl- ethane, 
and the like.' 

(i) Acid amides such as acetamide, benzoic acid amide, 
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toluic acid amide, and the like. 

(j) Amines such as ethylamine, diethylamine , 
tributylamine, piperidine, aniline, pyridine, picoline, 
tetramethylethylenediamine, and the like. 

(k) Nitriles such as acetonitrile, benzonitr ile , 
tolunitrile, and the like. 

(1) Alkoxyester compounds such as ethyl 
2- (ethoxymethyl) -benzoate, ethyl 

2- (t-butoxymethyl) -benzoate, ethyl 

3- ethoxy-2-phenylpropionate, ethyl 3-ethoxypropionat e , 
ethyl 3-ethoxyl-2-s-butylpropionate, ethyl 
3-ethoxy-2-t-butylpropionate, and the like. 

(m) Ketoester compounds such as ethyl 
2-benzoylbenzoate, ethyl 2- ( 4 ' -me thylbenzoyl ) benzoate , 
ethyl 2-benzoyl-4 , 5-dimethylbenzoate, and the like. 

(n) Sulfonic acid esters such as methyl 
benzenesulf onate, ethyl benzenesulf onate, ethyl 
p-toluenesulf onate, ■ isopropyl p-toluenesulf onate , 
n-butyl p-toluenesulf onate, s-butyl p- toluenesul f onate , 
and the like. 

Two or more types of the electron donors may be used. 
Preferred among them are the organic ester compounds, acid 
halide compounds, and ether compounds, and particularly 
preferred are the phthalic acid diester compounds, ester 
compounds of acetic acid cellosolve, phthalic acid dihalide 
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compounds, diester compounds of succinic acid, and aliphatic 
or aromatic diether compounds. 

2) Component (A2) 

Preferred embodiments of silicon compound components 
for use in the present invention are those represented by 
the following formula: 

R 8 RV m Si (OR 10 ) m 

(wherein R 8 represents an aliphatic hydrocarbon group, an 
alicyclic hydrocarbon group, or a hetero atom-containing 
hydrocarbon group; R 9 represents an aliphatic hydrocarbon 
group, an alicyclic hydrocarbon group, a hetero 
atom-containing hydrocarbon group, a halogen, or hydrogen; 
R 10 represents a hydrocarbon group; and m is 1 < m < 3) . 

In case R 8 is an aliphatic hydrocarbon group, it is 
preferably a branched aliphatic hydrocarbon group having 
3 to 10 carbon atoms; preferred are i-propyl group, i-butyl 
group, t-butyl group, i-hexyl group, texyl group, and the 
like, and more preferred among them is t-butyl group. 
Further, in case R 8 is a cyclic aliphatic hydrocarbon group, 
it generally has 4 to 20 carbon atoms, and preferably, 5 
to 10 carbon atoms; mentioned as preferable are cyclobutyl 
group, cyclopentyl group, cyclohexyl group, cyclooctyl 
group, and the like, and more preferable among them are 
cyclopentyl group and cyclohexyl group. The hetero atoms 
that can be included in R 8 are nitrogen, oxygen, silicon, 
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phosphorus, andsulfur, in which more preferable are nitrogen 
and oxygen. 

R 9 represents an aliphatic hydrocarbon group, an 
alicyclic hydrocarbon group, a hetero atom-containing 
hydrocarbon group, a halogen, or hydrogen. More 
specifically, it represents hydrogen, a halogen group such 
as chlorine, bromine, iodine, etc., or a hydrocarbon group 
generally having 1 to 20 carbon atoms, preferably 1 to 10 
carbon atoms, in which preferably mentioned are methyl group, 
ethyl group, n-propyl group, i-propyl group, n-butyl group, 
i-butyl group, t-butyl group, n-hexyl group, i-hexyl group, 
cyclopentyl group, cyclohexyl group, and the like, and among 
them, more preferably mentioned for increasing 
stereoregularity are methyl group, ethyl group, n-propyl 
group, i-propyl group, t-butyl group, n-hexyl group, 
cyclopentyl group, cyclohexyl group, and the like. 

R 10 represents a hydrocarbon group generally having 1 
to 20 carbon atoms, preferably 1 to 10 carbon atoms, and 
more preferably, 1 to 5 carbon atoms; preferably mentioned 
are methyl group, ethyl group, n-propyl group, i-propyl 
group, n-butyl group, i-butyl group, t-butyl group, and the 
like, and more preferred among them are methyl group and 
ethyl group. 

Specific examples of the silicon compound components 
for use in the present invention are the following: 
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(CH 3 ) 3 CSi (CH 3 ) (OCH 3 ) 2 , (CH 3 ) 3 CSi (CH(CH 3 ) 2 ) (OCH 3 ) 2 , 
(CH 3 ) 3 CSi (CH 3 ) (OC2H5) 2, (CH 3 ) 3 CSi (C 2 H 5 ) (OCH 3 ) 2/ 
(CH 3 ) 3 CSi (n-C 3 H 7 ) (OCH 3 ) 2 , (CH 3 ) 3 CSi (n-C 6 H 13 ) <OCH 3 ) 2, 
(C 2 H 5 ) 3 CSi (CH 3 ) (OCH 3 ) 2 , (CH 3 ) (C 2 H 5 ) CHSi (CH 3 ) (OCH 3 ) 2 , 
( (CH 3 ) 2 CHCH 2 ) 2 Si (OCH 3 ) 2 , (C 2 H 5 ) ( CH 3 ) 2 CS i ( CH 3 ) (OCH 3 ) 2 , 
(C 2 H 5 ) (CH 3 ) 2 CSi (CH 3 ) (OC 2 H 5 ) 2 , (CH 3 ) 3 CSi ( OCH 3 ) 3 , 
(CH 3 ) 3 CSi (OC 2 H 5 ) 3 , (CH 3 ) (C 2 H 5 ) CHSi (OCH 3 ) 3 , 
(CH 3 ) 2 CH (CH 3 ) 2 CSi (CH 3 ) (OCH 3 ) 2 , ( (CH 3 ) 3 C). 2 Si (OCH 3 ) 2 , 
(C 2 H 5 ) (CH 3 ) 2 CSi (0CH 3 ) 3 , (C 2 H 5 ) (CH 3 ) 2 CSi (OC 2 H 5 ) 3, 
(CH 3 ) 3 CSi (OC (CH 3 ) 3 ) (OCH 3 ) 2 , ( (CH 3 ) 2 CH) 2 Si (0CH 3 ) 2 , 
( (CH 3 ) 2 CH) 2 Si (OC 2 H 5 ) 2 , (C 5 H 9 ) 2 Si (OCH 3 ) 2 , (C 5 H 9 ) 2 Si (OC 2 H 5 ) 2, 
(C5H9) (CH 3 ) Si (OCH 3 ) 2 , (C5H9) ( (CH 3 ) 2 CHCH 2 ) Si (OCH 3 ) 2 , 
(C 6 Hn) Si (CH 3 ) (OCH3) 2, (CsHu) 2 Si (OCH 3 ) 2, 
(C 6 Hn) ( (CH 3 ) 2CHCH2) Si (OCH3) 2, 
( (CH 3 ) 2CHCH2) ( (C 2 H 5 ) (CH 3 ) CH) Si (OCH 3 ) 2 , 
( (CH 3 ) 2CHCH2) ( (CH 3 ) 2 CH) Si (OC5H11) 2, 
HC (CH 3 ) 2 C (CH 3 ) 2 Si (CH 3 ) (OCH 3 ) 2 , 

HC (CH 3 ) 2 C (CH 3 ) 2 Si (CH 3 ) (OC 2 H 5 ) 2, HC (CH 3 ) 2 C (CH 3 ) 2 Si (OCH 3 ) 3, 
HC (CH 3 ) 2 C (CH 3 ) 2 Si (OC 2 H 5 ) 3, (CH 3 ) 3 CSiH (OCH 3 ) 2 , 
(CH 3 ) 3 CSiCl (OCH 3 ) 2 , (CH 3 ) 3 CSiF (OCH 3 ) 2, 
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Si ( 0 C z H 5 ) 3 > 
Si(CH 3 ) (0CH 3 ) , s 



S i ( O C , H b ) 3 . 




• S i ( O C H 3 ) 3 . 
Si (CHj ) (OCH 3 ) 2 . 

5 i ( O C H 3 ) 3 s 



(CH 3 ) 3 CSi (OCH(CH 3 ) 2 ) (OCH 3 ) 2 , 
(CH 3 ) 3 CSi (OC (CH 3 ) 3 ) (OCH 3 ) 2 , (CH 3 ) 3 CSi (N (C 2 H 5 ) 2 ) <OCH 3 ) 2 , 
(CH 3 ) 3 CSi (NC 4 H 8 ) (OCH 3 ) 2/ (CH 3 ) 3 CSi (NC5H10) (OCH 3 ) 2 , 
(CH 3 ) 3 CSi (NC9H16) (OCH 3 ) 2 , ( (CH.3) 2 HCO) 2 Si (OCH 3 ) 2 , 
( (CH 3 ) 2 CO) 2 Si (OCH3) 2 , (CgHnO) 2 Si (0CH 3 ) 2 , 
(4-CH 3 -C 6 HnO) 2 Si (OCH3) 2, (4-C 2 H 5 -C 6 HiiO) 2 Si (OCH3) 2 , 
(4-C4H 9 -C 6 H u O) 2 Si (OCH 3 ) 2 , (C 10 Hi 7 O) 2 Si (OCH 3 ) 2 , 
( (C 2 H 5 ) 2 N) 2 Si (OCH 3 ) 2 , (C 4 H 8 ) 2 Si (OCH3) 2, ( C 5 H 10 N ) 2 Si ( OCH 3 ) 2 , 
(C 9 H 16 N) 2 Si (OCH 3 ) 2 , and the like. 

Mentioned as preferred among them are 
(CH 3 ) 3 CSi (CH 3 ) (OCH 3 ) 2 , (CH 3 ) 3 CSi (CH (CH 3 ) 2 ) (OCH 3 ) 2 , 
(CH 3 ) 3 CSi (CH 3 ) (OC 2 H 5 ) 2, (CH 3 ) 3 CSi (C 2 H 5 ) (OCH 3 ) 2 , 
(CH 3 ) 3 CSi (n-C 3 H 7 ) (OCH 3 ) 2 , (CH 3 ) 3 CSi (n-C 6 Hi 3 ) (OCH 3 ) 2 , 
(C5H9) 2 Si (OCH 3 ) 2 , (C5H9) 2 Si (OC2H5) 2/ (C 6 Hn) Si (CH 3 ) (OCH 3 ) 2 , 
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(C 6 Hn) 2 Si (OCH 3 ) 2/ and the like. 

Two or more types of the silicon compounds above can 

be used. 

3) Component (A3) 

The organoaluminum compounds (component (A3) ) 
preferably used in the present invention areusedby bringing 
them into contact with the solid component. The term 
"bringing into contact" herein does not signify that the 
contact time is only once, but allows bringing the 
organoaluminum compounds (component (A3) ) into contact 
repeatedly in such a range that the effect of the present 
invention is not impaired thereby. 

As specific examples of the organoaluminum compounds 
(component (A3) ) , there are mentioned such represented by 
R 13 A1R 14 R 15 and/or R 16 2 - n R 17 AlX n (where, R 13 , R 14 , R 15 , R 16 , and 
R 17 each independently represent a hydrocarbon group having 
1 to 20 carbon atoms, preferably, about 1 to 10 carbon atoms; 
X represents a hydrogen or a halogen, and n is 0 < n < 2) . 

Specifically mentioned are (a) a t rialkylaluminum such 
as trimetyl aluminum, tri ethyl aluminum, 
tri-n-propyl aluminum, triisopropyl aluminum, 
di isopropylme thy 1 aluminum, diisopropyl ethyl aluminum, 
tri-n-butyl aluminum, tri i sobutyl aluminum, 
di i sobut y lme thy 1 aluminum, dii sobutyl ethyl aluminum, 
tri-s-butylaluminum, di - s -bu ty lme thy 1 aluminum, 
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di-s -butyl ethyl aluminum, di-s-butylpropyl aluminum, 
s -but yldime thylaluminum, s -butyl die thylaluminum, 
s -but yldipropyl aluminum, tri- t-but ylaluminum, 
di-t-butylme thylaluminum, di- t-but yle thylaluminum, and 
the like; 

(b) an alkylaluminum halide such as dime thylaluminum 
monochloride, diethylaluminum monochloride, 
diisopropyl aluminum monochloride, dibut ylaluminum 
monochloride, diisobutylaluminum monochloride, 

di-s -but ylaluminum monochloride , di-t -butyl aluminum 
monochloride, dime thylaluminum monobromide, 
diethylaluminum monobromide, di isopropylaluminum 
monobromide, dibutylaluminum monobromide, 
di-s -but ylaluminum monobromide, di- t-but ylaluminum 
monobromide, and the like; and 

(c) an alkylaluminum hydride such as diethylaluminum 
hydride, diisobutylaluminum hydride, di-n-octylaluminum 
hydride, and the like. 

Two or more types of or ganoaluminum compounds above 

may be used. 

Preferred among them are trimet ylaluminum, 
triethyl aluminum, tr i isopropylaluminum, 
triisobut ylaluminum, tri -s-but ylaluminum, 
tri-t-butylaluminum; or diethylaluminum monochloride, 
diisopropyl aluminum monochloride, dibutylaluminum 
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monochloride, diisobutylaluminum monochloride, 
di-s -butyl aluminum monochloride , di-t -butyl aluminum 
monochloride, diethylaluminum hydride, and 
diisobutylaluminum hydride. 

4) Other arbitrary components 
Furthermore, as described above, arbitrary component 
other than the components above can be included in producing 
the component (A) of the present invention; properly used 
as the arbitrary components are the compounds enumerated 
below. 

(a) Vinylsilane compounds 

Vinylsilane compounds show structures as such that at 
least one of the hydrogen atoms of monosilane (SiH 4 ) is 
substituted by a vinyl group (CH 2 =CH-), and some of the 
remaining hydrogen atoms are substituted by a halogen 
(preferably CI), an alkyl group (preferably a hydrocarbon 
group having 1 to 12 carbon atoms) , and aryl group (preferably 
phenyl group) , an alkoxy group (preferably an alkoxy group 
having 1 to 12 carbon atoms), and the like. 

More specifically, examples include CH 2 =CH-SiH 3 , 
CH 2 = CH-SiH 2 (CH 3 ) , CH 2 = CH- S iH ( CH 3 ) z, CH 2 =CH-Si (CH 3 ) 3 , 
CH 2 = CH-SiCl 3 , CH 2 = CH-SiCl 2 (CH 3 ) , CH 2 =CH-SiCl (CH 3 ) 2 , 
CH 2 = CH-SiH (CI) (CH 3 ) , CH 2 =CH-Si (C 2 H 5 ) 3 , CH 2 = CH-SiCl (C 2 H 5 ) 2 , 
CH 2 = CH-Si (CH 3 ) 2 (C 2 H 5 ) , CH 2 =CH-Si (CH 3 ) (C 2 H 5 ) 2, 

CH 2 = CH-Si (n-C,H 9 ) 3 , CH 2 =CH-Si (C 6 H 5 ) 3, CH 2 =CH-Si (CH 3 ) (C 6 H 5 ) 2, 
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CH 2 = CH-Si (CH 3 ) 2 (C 6 H 5 ) , CH 2 =CH-Si (CH 3 ) 2 (C 6 H 4 CH 3 ) , 
(CH 2 =CH) (CH 3 ) 2 Si-0-Si (CH 3 ) 2 (CH=CH 2 ) , (CH 2 =CH) 2 SiH 2 , 
(CH 2 =CH) 2 SiCl 2 , (CH 2 =CH) 2 Si (CH 3 ) 2/ (CH 2 =CH) 2 Si (C 6 H 5 ) 2, and 

the like. 

(b) Organometallic compounds of metals belonging to 
Group I to Group III of the periodic table 

It is also possible to use the organometallic compounds 
of the metals belonging to the Group I to Group III of the 
periodic table (short periodic type) . The organometallic 
compounds of the metals belonging to the Group I to Group 
III of the periodic table for use in the present invention 
contains at least one organic group-metal bond. In such a 
case, a representative for the organic group is a hydrocarbyl 
group having about 1 to 20, preferably about 1 to 6, carbon 
atoms. In the organometallic compound, the metal in which 
at least one atomic valence is occupied with an organic group, 
the remaining atomic valences (if any) are occupied by a 
hydrogen atom, a halogen atom, a hydrocarbyloxy group (the 
hydrocarbyl group preferably contains about 1 to 20, 
preferably about 1 to 6, carbon atoms) , or the relevant metal 
bonded via an oxygen atom (specifically, in case of 
methylalmoxane, -O-Al ( CH 3 ) - ) , and the like. 

Specific examples of such organometallic compounds 
include (i) an or ganolithium compound such as methyl 1 ithium, 
n-butyllithium, t-butyllithium, etc.; (ii) an 
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organomagnesium compound such as butylethylmagnesium, 
dibutylmagnesium, hexylethylmagnesium, butylmagnesium 
chloride, t-butylmagnesium bromide, etc.; and (iii) an 
organozinc compound such as diethylzinc, dibutylzinc, etc. 

Two or more types of the arbitrary components (a) and 
(b) above may be used in combination . Furthermore, in such 
a case, there may coexist a known halogenating agent such 
as a halide of titanium, e.g., TiCl 4 , etc.; a halide of 
tungsten, e.g., WC1 6 , etc.; a halide of molybdenum, e.g., 
M0CI5, etc.; and the like. The effect of the present 
invention can be increased by using such arbitrary 
components . 

5) Production of component (A) 

The component (A) can be produced by bringing each of 
the components constituting the component (A) , or if 
necessary, the arbitrary components above, either stepwise 
or at one time, in contact with each other, and by rinsing 
at the intermediate stage and/or at the final stage with 
an organic solvent, such as a hydrocarbon solvent or a 
halogenated hydrocarbon solvent. 

In such a case, the production can be carried out by 
a method comprising producing first the solid product (Al) 
containing titanium, magnesium, and halogen as an essential 
component, and then bringing it into contact with the silicon 
compound (A2) represented by the general formula above and 
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the organoaluminum (A3) either simultaneously or 
sequentially ( so-called sequential method) , or by a method 
comprising producing the component (A) at once by 
incorporating the silicon compound component (A2) during 
the process of forming the so lid product containing titanium, 
magnesium, and halogen as an essential component (so-called 
single-step method) . The former is the preferred method. 

Although the method above must be carried out under 
the absence of oxygen, the contact condition's of the each 
of the components constituting the component (A) above is 
arbitrary so long as the effect of the present invention 
is obtained; however, in general, the following conditions 
are preferred. The contact temperature is about -50 to 
200°C, preferably, 0 to 100°C. Concerning the method for 
contact, there are mechanical methods such as those using 
rotary ball mill, vibration mill , jet mill, grinders using 
stirring media, and the like, or stirring method in the 
presence of an inert diluting agent, and the like. As the 
inert diluting agent for use in this method, mentioned are 
the aliphatic or aromatic hydrocarbons, aliphatic or 
aromatic halogenated hydrocarbons, polysiloxane , and the 
like . 

The amount ratio of the components constituting the 
component (A) can be set arbitrarily so long as the effect 
of the present invention is observed; however, in general, 
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it is preferably set in the range as follows. The amount 
used for the titanium compounds is set to 0.0001 to 1000, 
preferably, 0.01 to 10, in molar ratio with respect to the 
amount of the magnesium compound used. In case a compound 
for halogen source is used, the amount for use is set in 
the range of 0.01 to 1000, preferably, 0.1 to 100, in molar 
ratio with respect to the amount of the magnesium, 
irrespective of whether the titanium compound and (or) the 
magnesium compound contain a halogen or not. The amount 
of the silicon compound component to be used for the component 
(A2) is in the range of 0.01 to 1000, preferably, 0.1 to 
100, in atomic ratio (silicon/titanium) of silicon with 
respect to the titanium component constituting the component 
(Al) . The amount of organoaluminum of the component (A3) 
to be used with respect to the titanium component 
constituting the component (Al) is generally in the range 
of 0.1 to 100 mol/mol in atomic ratio ( aluminum/ titanium) , 
and preferably, in the range of 1 to 50 mol/mol. 

In case vinylsilane compound is used as an arbitrary 
component, the amount of use is favorably set in a range 
of 0.001 to 1000, preferably, 0.01 to 100, in molar ratio 
with respect to the titanium compound constituting component 
(Al) . In case an organometal 1 i c compound is used as an 
arbitrary component, the amount of use is favorably set in 
a range of 0.001 to 100, preferably, 0.01 to 10, in molar 
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ratio with respect to the aforementioned magnesium compound . 
In case an electron donor is used as an arbitrary component, 
the amount of use is favorably set in a range of 0.001 to 
10, preferably, 0.01 to 5, in molar ratio with respect to 
the aforementioned magnesium compound. 

Component (A) is produced, for instance, by production 
methods as follows, if necessary, by using other components 
such as the electron donors and the like. 

(a) A method comprising bringing magnesium halide 
compound, if necessary, together with an electron donor into 
contact with a titanium-containing compound and/or a silicon 
compound component . 

(b) A method comprising treating alumina or magnesia 
with halogenated phosphorus compound, and then bringing it 
into contact with halogenated magnesium, an electron donor, 
a titanium halogen-containing compound and/or a silicon 
compound component . 

(c) A method comprising obtaining a solid component 
by bringing magnesium halide compound into contact with 
titanium tetraalkoxide and a specific polymer silicon 
compound component, then bringing the resulting solid 
component into contact wi th a ti tanium halide compound and/ or 
a silicon halide compound and further contacting it with 
a silicon compound component after rinsing with an inert 
organic solvent, or with each of the components separately. 
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As the polymer silicon compound above, properly used 
is such represented by the following formula: 

r H ->> 
I 

Si O 

L I 

R 18 q 

(where, R 18 represents a hydrocarbon group having 1 to 
10 carbon atoms, and q represents the degree of 
polymerization as such that the polymer silicon compound 
yields a viscosity of about 1 to 100 centistokes) . More 
specifically, preferred are methyl hydrogenpolysiloxane, 
ethyl hydrogenpolysiloxane, phenyl hydrogenpolysiloxane, 
cyclohexyl hydrogenpolysiloxane, 
1,3,5, 7-tetramethylcyclotetrasiloxane, 

1,3,5,7, 9-pentamethylcyclopentasiloxane, and the .like. 

(d) A method comprising dissolving a magnesium 
compound with titanium tetraalkoxide and/or an electron 
donor, and after precipitating solid component with a 
halogenating agent or a titanium halide compound, bringing 
a titanium compound and/or a silicon compound component into 
contact or bringing them each separately into contact with 
the solid component. 

(e) A method comprising reacting an organomagnesium 
compound such as Grignard reagent and the like with a 
halogenating agent, reducing agent, and the like; bringing 
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an electron donor in contact therewith depending on 
necessities; and bringing a titanium compound and/or a 
silicon compound component into contact or bringing them 
each separately into contact with the resulting product. 

(f ) A method comprising bringing an alkoxymagnesium 
compound into contact with a halogenating agent and/or a 
titanium halide compound in the presence or in the absence 
of an electron donor, and then bringing a titanium compound 
and'/ or a silicon compound component into contact or bringing 
them each separately into contact with the resulting product . 

Among the production methods above, preferred are the 
methods (a), (c), (d) , and (f). The component (A) can be 
rinsed in the intermediate and/or the final stage of 
production using an inert organic solvent, such as an 
aliphatic or an aromatic hydrocarbon solvent (for example, 
hexane, heptane, toluene, cyclohexane, and the like) , or 
a halogenated hydrocarbon solvent (for example , n-butyl 
chloride, 1, 2-dichloroethylene , carbon tetrachloride, 
chlorobenzene , and the like) . 

As the component (A) for use in the present invention, 
there can be used those once subjected to a 
pre-polymer i zat ion step, which comprises carrying out 
polymerization by bringing a compound containing a 
vinyl-group, such as olefins, diene compounds, styrenes, 
etc., into contact. As specific examples of the olefins 
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for use in the prepolymerization, ment ioned are , for example, 
suchhaving 2 to 20 carbon atoms, such as ethylene, propylene, 
1-butene, 3-methyl-l-butene, 1-pentene, 1-hexene, 
4 -methyl- 1 -pent ene, 1-octene, 1-decene, 1-undecene, 
1-eicosene, and the like; as specific examples of the diene 
compounds, mentioned are 1 , 3-but adiene , isoprene, 
1, 3-pentadiene, 1, 4 -pentadi ene , 2, 4 -pent adiene , 

1, 4-hexadiene, 1, 5-hexadiene, cis-2, trans -4 -hex adiene , 
trans-2, trans-4-hexadiene, 1/ 3-heptadiene , 

1, 4-heptadiene, 1, 5-heptadiene , 1, 6-heptadiene , 

2, 4-heptadiene, 2, 6-octadiene, cyclopent adiene , 

dicyclopentadiene, 1/ 3-cyclohexadiene , 

1, 4-cyclohexadiene, 1/ 3 -cyclohept adiene , 

4-methyl-l, 4-hexadiene, 5-methyl-l, 4-hexadiene, 

1, 9-decadiene, 1, 1 3- tetradecadiene , p-di vinylbenzene , 
m-divinylbenzene, o-divinylbenzene , and the like. 
Further, as specific examples of styrenes, mentioned are 
styrene, oc-methylstyrene, allylbenzene , chlorostyrene, and 
the like. 

The conditions of reacting the titanium component of 
the component (Al ) with the vinyl-group containing compound 
above may be set arbitrarily so long as the effect of the 
present invention is observed, however, in general, 
preferred conditions are in the following range. The amount 
of prepolymerization is 0.001 to 100 grams, preferably, 0.1 



31 



to 50 grams, and more preferably, 0.5 to 10 grams per 1 gram 
of the titanium solid component. The reaction temperature 
during prepolymeri zat ion is -150 to 150°C, preferably, 0 
to 100°C. Further, preferred is a prepolymeri zat ion 
temperature lower than that at "main polymerization", i.e. , 
than the polymerization temperature at polymerizing 
a-olefin. In general, the reaction is preferably carried 
out under stirring, and in this instance, it is also possible 
to carry out the reaction in the presence of an inert solvent 
such as hexane, heptane, and the like. Furthermore, 
prepolymerization can be performed at the same time the 
component (Al), component (A2), and component (A3) are 
brought into contact with each other. 

(2) Organoaluminum compound (component (B) ) 
As the organoaluminum compound (component (B) ) for use 
in the present invention, there are those represented by 
R 19 3 _ r AlX r , R 20 3- S A1 (OR 21 ) s (where, R 19 and R 20 are each a 
hydrocarbon group having 1 to 20 carbon atoms or a hydrogen 
atom, R 21 is a hydrocarbon group, X is a halogen, and r and 

s are each 0 < r < 3 and 0 < s < 3) . 

Specif ically mentioned are (a) a t rialkylaluminum such 
as trimethylaluminum, tr iethylaluminum, 

triisobutylaluminum, t r i-n-hexylaluminum, 

tri-n-octylaluminum, tr i -n-decy laluminum, etc.; (b) an 
alkylaluminum halide such as diethylaluminum monochlor ide , 
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diisobutyl aluminum monochlor ide , ethyl aluminum 

sesquichloride, ethylaluminum dichloride, etc.; (c) an 
alkylaluminum hydride such as diethylaluminum hydride, 
diisobutylaluminum hydride, etc.; (d) an alkylaluminum 
alkoxide such as diethylaluminum ethoxide, diethylaluminum 
phenoxide, etc. Furthermore, as compounds similar to the 
above, there can be used an organoaluminum compound in which 
two or more aluminum are bonded via an oxygen atom or a nitrogen 
atom. Specifically, there can be mentioned (e) 

(C 2 H 5 ) 2AIOAI (C 2 H 5 ) 2, (C2H5) 2 A1N (C 2 H 5 ) 2 A1 (C2H5) 2, methyl 

almoxane, isobutyl almoxane, methylisobutyl almoxane, etc. 

Plural organoaluminum compounds (a) to (e) above may 
be used together, or other or ganomet al 1 ic compounds, for 
instance, an organometallic compound such as organozinc and 
the like represented by R 22 2 - t Zn (OR 23 ) t (where, R 22 and R 23 
are each a hydrocarbon group having 1 to 20 carbon atoms, 
which may be the same or different, and t is 0 < t < 2), 
may be used together. For instance, there are mentioned 
a combination of tr iethylaluminum and diethylaluminum 
ethoxide, a combination of diethylaluminum monochloride and 
diethylaluminum ethoxide, a combination of ethylaluminum 
dichloride and ethylaluminum diethoxide, a combination of 
tr iethylaluminum, diethylaluminum ethoxide' and 

diethylaluminum monochloride, a combination of 
triethylaluminum and diethylzinc, and the like. 
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The organoaluminum compound as component (B) and the 
titanium component contained in the solid catalyst component 
of component (A) is generally used at a ratio of Al/Ti = 
1 to 1000 mol/mol, and preferably, is used at Al/Ti = 10 
to 500 mol/mol. 

(3) Compound containing C(=0)N bond (component (C) ) 
The compound containing C(=0)N bond for use in the 
present invention is preferably selected from the following 
compounds (where, R 1 to R 7 each represent an aliphatic 
hydrocarbon group, an alicyclic hydrocarbon group, an 
aromatic hydrocarbon group, or a hetero atom-containing 
hydrocarbon group having 1 or more carbon atoms, in which 
the groups arbitrarily selected from R 1 to R 3 and the groups 
arbitrarily selected from R 4 to R 7 may be combined to form 
a ring structure) . 




In case R 1 to R 7 are each an aliphatic hydrocarbon group 
or an alicyclic hydrocarbon group, it is preferred that they 
are structurally small in. volume, such as an alkyl group, 
a cycloalkyl group, etc., having 1 to 20, more preferably, 



1 to 10, carbon atoms. Specifically mentioned are methyl 
group, ethyl group, vinyl group, allyl group, n-propyl group, 
i-propyl group, n-butyl group, i-butyl group, t-butyl group, 
n-hexyl group, i-hexyl group, cyclopropyl group, cyclobutyl 
group, cyclopentyl group, cyclohexyl group, cyclooctyl 
group, and the like, and particularly preferred are methyl 
group, ethyl group, and n-propyl group. In case R 1 to R 7 
are each an aromatic hydrocarbon group, it is preferred that 
they are non-substituted aromatic hydrocarbon group and the 
like having 6 to 20, more preferably, 6 to 12, carbon atoms. 
Such substituents are preferable because they are expected 
to have properties as such that carbonyl groups are more 
easily coordinated by the stressed ring structure. 
Specifically mentioned area phenyl group, a biphenyl group, 
an indenyl group, and a fluorenyl group, and particularly 
preferred are a phenyl group, a biphenyl group , and an indenyl 
group. Hetero atoms that might be included in R 1 to R 7 are 
nitrogen, oxygen, silicon, phosphorus, and sulfur, in which 
nitrogen and oxygen are more preferred. Further, the groups 
arbitrarily selected from R 1 to R 3 and the groups arbitrarily 
selected fromR 4 to R 7 maybe combined to form a ring structure; 
favorably, R 1 and R 2 , R 1 and R 3 , R 4 and R 5 , R 4 and R 6 , or R 6 
and R 7 are preferably combined to form a ring structure, 
and more preferably, R 1 and R 3 , and R 4 and R 6 are combined 
to form a ring structure. Particularly preferably, 
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component (C)is a cyclic amide compound, in which R 1 and 
R 3 are combined to form a 5- to 7-membered ring structure, 
or a urea compound, in which R 4 and R 6 , R 5 and R 7 are of the 
same saturated hydrocarbon group, or a urea compound, in 
which R 4 and R 6 are combined to form a 5- to 7-membered ring 
structure . 

More specifically, the following amide compounds and 
urea compounds can be provided as examples. 

Thus, there can be enumerated (a) amide compounds such 
as N, N-dimethylacetamide, N, N-dimethylpropionamide , 
N,N-diethylacetamide, N, N-dimethylbenzamide , 

N-me thy 1-N-phenyl ace t amide, 1 -methyl- 2 -pyrrol idinone , 
1 -methyl- 2 -piper idinone , 1 -ethyl- 2 -pyrrol idinone , 

1-dodecyl- 2 -pyrrol idinone , 

l-cyclohexyl-2-pyrrol idinone, 1 -phenyl -2 -pyrrol idinone , 
l-methyl-2-pyridone, N-methyl-e-caprolactam, and the like; 
and (b) urea compounds such as tetramethylurea , 
tetraethylurea, tet rabutylur ea , 

N,N' -dimethyl-N, N' -diphenylurea , 
bis ( tetramethylene ) urea, 
1, 3-dimethyl-2-imidazolidinone, 
1 , 3-diacetyl-2-imidazolidinone, 

1, 3-dimethyl-3, 4, 5, 6-tet r ahydro-2 (1H) -pyr imidinone , 
1 , 3-dimethyl-barbituric acid, and the like. 

Among the compounds having C(=0)N bonds above, 
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preferred are N, N-dimethylpr op ion amide , tetr amethylurea, 
1, 3-dimethyl-2-imidazolidinone, 

1, 3-dimethyl-3, 4, 5, 6-tetr ahydro-2 (1H) -pyr imidinone , 
l-methyl-2 -pyrrol idinone, 1 -ethyl -2 -pyrrol idinone , 

l-dodecyl-2-pyrrolidinone , and 
l-cyclohexyl-2-pyrrol idinone ; particularly preferred 
among them are tetr amethylurea , 

1 , 3 -dimethyl -2- imidazol idinone, 

1 -methyl -2 -pyrrol idinone, and 1- ethyl -2 -pyrrol idinone . 

All of the compounds having C(=0)N bonds above contain 
N atom, and are thereby small in volume, therefore, these 
carbonyl groups can selectively. coordinate to poison at the 
active point for amorphous component. Accordingly, it is 
presumed that R 1 to R 7 , which are near the carbonyl group, 
exhibit excellent effect when they are structurally small 
in size, or when they have a stressed ring structure, which 
increase the coordination ability of the carbonyl group. 

Further, two or more types of the compounds having C (=0) N 
bonds above can be used. 

The amount ratio of the compounds having C(=0)N bonds 
above as component (C) and the or ganoaluminum compounds of 
component (B) is set to 0.001 to 1, preferably 0.005 to 0.5, 
in molar ratio with respect to the amount of organoaluminum 
compound used. 

(4) Silicon compound component or compound having at 
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least two ether bonds (component (D) ) 

The component (D) preferably used in the present 
invention is a silicon compound component or a compound 
having at least two ether bonds. The silicon compound 
component is represented by the following formula:. 

R 8 R 9 3 _ m Si (OR 10 ) m 

(wherein R 8 represents an aliphatic hydrocarbon group, an 
alicyclic hydrocarbon group, or a hetero atom-containing 
hydrocarbon group; R 9 represents an aliphatic hydrocarbon 
group, an alicyclic hydrocarbon group, a hetero 
atom-containing hydrocarbon group, a halogen, or hydrogen; 
R 10 represents a hydrocarbon group; and m is 1 < m < 3) . 

In case R 8 is an aliphatic hydrocarbon group, it is 
a branched hydrocarbon group having, in general, 3 to 20, 
preferably, 3 to 10, carbon atoms; mentioned as preferred 
are i-propyl group, i-butyl group, t-butyl group, i-hexyl 
group, and the like, and more preferred among them is t-butyl 
group. Further, in case R 8 is an alicyclic hydrocarbon 
group, it generally has 4 to 20, preferably, 5 to 10, carbon 
atoms; mentioned as preferred are cyclobutyl group, 
cyclopentyl group, cyclohexyl group, cyclooctyl group, and 
the like, andmore preferred among them are cyclopentyl group 
and cyclohexyl group. R 8 may contain nitrogen, oxygen, 
silicon, phosphorus, and sulfur as hetero atoms, and more 
preferred are nitrogen and oxygen. 
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R 9 is an aliphatic hydrocarbon group, an alicyclic 
hydrocarbon group, a hetero atom-containing hydrocarbon 
group, a halogen, or hydrogen. More* specifically, it 
represents a hydrogen, a halogen such as chlorine, bromine, 
iodine, and the like; or it generally has 1 to 20, preferably 
1 to 10 carbon atoms, and mentioned as preferable are methyl 
group, ethyl group, n-propyl group, i-propyl group, n-butyl 
group, i-butyl group, t-butyl group, n-hexyl group, i-hexyl 
group, cyclopentyl group, cyclohexyl group, and the like, 
and among them, mentioned as more preferred are methyl group, 
ethyl group, n-propyl group, i-propyl group, t-butyl group, 
n-hexyl group, cyclopentyl group, cyclohexyl group, and the 
like . 

R 10 is a hydrocarbon group generally having 1 to 20, 
preferably 1 to 10, and more preferably, 1 to 5 carbon atoms; 
preferably mentioned are methyl group, ethyl group, n-propyl 
group, i-propyl group, n-butyl group , i-butyl group, t-butyl 
group, and the like, and more preferred among them are methyl 
group and ethyl group . 

The silicon compound component of component (D) and 
the silicon compound component of component (A2) are selected 
from the same group, and may be the same or different. 

The compound having at least two ether bonds of component 
(D) is selected from the diether compounds that are preferred 
as electron donors in the solid catalyst component of 
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component (A) or the solid component of component (Al) , and 
may be the same or different. 

Specifically mentioned are 1 , 3-dimethoxypropane , 
2, 2-dimethyl-l , 3-dimethoxypropane, 
2, 2-diisopropyl-l, 3-dimethoxypropane, 
2, 2-diisobutyl-l , 3-dime thoxypropane , 
2-isopropyl-2-isobutyl- 1 , 3 -dime thoxypropane, 
2-isopropyl-2-s-butyl- 1 , 3 -dime thoxypropane, 
2-t-butyl-2-methyl-l , 3 -dime thoxypropane , 
2- t-butyl-2-isopropyl- 1 , 3 -dime thoxypropane , 
2, 2-dicyclopentyl-l , 3-dimethoxypropane , 
2, 2-dicyclohexyl- 1 , 3-dimethoxypropane, 

2, 2-diphenyl-l , 3-dimethoxypropane, 1, 3-diethoxypropane, 

2. 2- dimethyl-l, 3-diethoxypropane, 1, 3-dipropoxypropane, 

1. 3- dibutoxypropane, 

2, 2-diisopropyl-l, 3-diethoxypropane, 
2, 2' -dimethoxy-1 , 1' -binaphthalene , 

1, 2, 3-trimethoxypropane, 1, 1, 1-trimethoxymethyl-ethane, 
and the like . 

The amount ratio of the silicon compound component or 
compound having at least two ether bonds as component (D) 
and the organoaluminum compound component of component (B) 
is favorably in a range of 0.01 to 10, preferably, 0.05 to 
1, in molar ratio with respect to the amount used of the 
organoaluminum compound . 
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2. a-Olefin polymerization 

The a-olefin polymerization utilizing the novel 
catalyst according to the present invention can be applied 
to a slurry polymerization process using a hydrocarbon 
solvent, a liquid-phase solvent-free polymerization 
process substantially free of solvents, a gas-phase 
polymerization process, and the like. As the 

polymerization solvent in the case of slurry polymerization 
process, usable are the hydrocarbon solvents such as pentane , 
hexane, heptane, cyclohexane, and the like. Any method,, 
such as continuous polymerization process, batch 
polymerization process, or sequential polymerization 
process, etc., may be adopted. The polymerization 
temperature is generally about 30 to 200°C, preferably 50 
to 150°C. Hydrogen can be used as the molecular weight 
controlling agent . 

The a-olefin that is polymerized with the catalyst 
system according to the present invention is represented 
by the general formula R 24 -CH=CH 2 (where, R 24 represents a 
hydrocarbon group having 1 to 20 carbon atoms, which may 
have a branched group) . Specifically mentioned are the 
a-olef ins such as propylene, butene-1, pentene-1, hexene-1, 
4-methyl-l-pentene, and the like. In addition to 
homopolymer izat ion of the a-olefins above, 

copolymer i zation with monomers (for example, ethylene, 
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ot-olefin, dienes, styrenes, etc.) copolymer i zable with 
ot-olef in can be performed. The comonomers above may be used 
up to 15% by weight in case of random copolymer i zation, and 
up to 50% by weight in case of block copolymer i zation . 
3. a-Olefin polymer 

The a-olef in polymer obtained by the present invention 
is characterized in that it contains extremely low amorphous 
component, exhibits high ster eoregular i t y , and that it has 
favorable smell and favorable color. 

In particular, the a-olefin polymer produced by bulk 
polymerization process contains cold xylene soluble 
fraction (CXS) as the amorphous component of preferably 1% 
by weight or lower, more preferably, 0.1 to 1% by weight, 
and further preferably, 0.2 to 0.7% by weight. The CXS as 
referred herein is obtained by the following procedure: the 
sample (about 5 g) is completely dissolved in xylene (300 
ml) at 140°C, and then cooled to and set at 23°C for 12 hours 
followed by filtration. The filtrate is evaporated and 
dried in vacuo at 110°C for 2 hours. After cooling to the 
ambient temperature, the weight is measured. 

Furthermore, the a-olefin polymer produced by slurry 
polymerization process preferably contains the amorphous 
component measured as the atactic polymer fraction of 1.2% 
by weight or lower, more preferably 0.1 to 0.9% by weight, 
and further preferably, 0.1 to 0.5% by weight. In the 
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a-olefin polymer produced by slurry polymerization, the 
atactic polymer fraction as referred herein is obtained by 
the following procedure: After polymerization, product 
polymer slurry is filtrated, and the amount of polymer 
obtained by drying the filtrate sample, is measured. The 
atactic polymer fraction is calculated as the ratio of the 
amount of polymer dissolved in the filtrate to the total 
amount of polymer (% by weight) . 

As the stereoregularity, the amount of fraction 
insoluble to boiling heptane (II) is preferably 97% by weight 
or higher, more preferably 97 to 99.5% by weight, further 
preferably, 98 to 99.5% by weight, and particularly 
preferably, 98.5 to 99.5% by weight. 

The a-olefin polymer produced by bulk phase 
polymerization yields a stereoregularity as expressed by 
fraction insoluble to boiling heptane (II) of, preferably, 
97% by weight or higher, more preferably, 97 to 99.5% by 
weight, further preferably, 98 to 99.5% by weight, and 
particularly preferably, 98.5 to 99.5% by weight. The II 
herein is obtained by carrying out Soxhlet extraction for 
3 hours using boiling heptane, and by measuring the ratio 
of the extraction residue thereafter. 

Furthermore, the a-olefin polymer produced by slurry 
polymerization process yields a stereoregularity as 
expressed by product II (T-II) of, preferably, 95% by weight 
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orhigher,morepreferably, 96 to 99. 5% by weight , and further 
preferably, 97.5 to 99.5% by weight. In the a-olef in polymer 
produced by slurry polymerization, T-II referred herein is 
obtained by the following procedure: After the 
polymerization finished, product polymer slurry is 
filtrated. Polymer powder is dried, and the amount of the 
polymer insoluble to boiling heptane is measured. The 
amount of the total polymer is calculatedby taking the amount 
of atactic PP dissolved in the filtrate into consideration, 
and the ratio of the fraction insoluble to boiling heptane 
with respect to the amount of total polymer is obtained to 
give the total product II (T-II). 

The ot-olefin polymer polymerized according to the 
present invention contains extremely low amount of amorphous 
component and yields high stereoregulari ty ; it thereby 
possesses excellent properties such as high density, high 
stiffness and high heat resistance. 

Furthermore, the a-olef in polymer can also be produced 
at high yield, and can be favorably applied in uses requiring 
high stiffness and high heat resistance, such as automobile 
parts, electric appliances, wrapping materials, and the 
like . 

[Example] 

The present invention is described in further detail 
by way of examples; however, the present invention is not 
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limited thereby . 

The methods and apparatuses for measuring each of the 
physical properties are described below. 

1 ) MFR 

Apparatus: Melt Indexer manufactured by Takara 
Thermistor Instruments Co., Ltd. 

Method of measurement: Evaluation was made according 
to JIS-K6921, under conditions of 230°C and 21.18 N. 

2) Polymer bulk density 

The bulk density of the powder sample was measured by 
using an apparatus in accordance with ASTM D1895-69. 

3) Cold xylene solubility [CXS] 

Method of measurement : CXS was obtained by the following 
procedure: the sample (about 5 g) is completely dissolved 
in xylene (300 ml) at 140°C, and then cooled to and set at 
23°C for 12 hours followed by filtration. The filtrate is 
evaporated and dried in vacuo at 110°C for 2 hours. After 
cooling to the ambient temperature, the weight is measured. 

4) Atactic polymer quantity 

In the a-olefin polymer produced by slurry 
polymerization, after polymerization, the product polymer 
slurry was filtrated, and the amount of polymer obtained 
by drying the filtrate sample was measured. The atactic 
polymer fraction was calculated as the ratio of the amount 
of polymer dissolved in the filtrate with respect to the 
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total amount of polymer (% by weight). 

5) Fraction insoluble to boiling heptane [II] 
The fraction insoluble to boiling heptane (abbreviated 

NX II" hereinafter) was obtained by carrying out Soxhlet 
extraction for 3 hours using boiling heptane, and the ratio 
of the extraction residue was designated as II. 

6) Total product II [T-II] 

In the a-olefin polymer produced by slurry 
polymerization, after the polymer i zat ion finished, product 
polymer slurry was filtrated. The fraction insoluble to 
boiling heptane of the dried polymer was measured. The 
amount of the total polymer is calculated by taking the amount 
of atactic PP dissolved in the filtrate into consideration, 
and the ratio of the fraction insoluble to boiling heptane 
with respect to the amount of total polymer is obtained to 
give the total product II (T-II). 
Example-1 

[Production of component (A) ] 

Two hundred milliliters of dried and deoxidized 
n-heptane was introduced ina flask sufficiently purged with 
nitrogen, and then, 0.4 mol of MgCl 2 and 0.8 mol of 
Ti (0-n-C 4 H 9 ) 4 were introduced therein and reacted at 95°C 
for 2 hours. On completion of the reaction, the reaction 
mixture was cooled to 40°C, and 48 milliliters of methyl 
hydrogenpolysiloxane (20 centistokes) was introduced and 
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reacted for 3 hours. The solid component thus produced was 
rinsed with n-heptane. 

Then, 50 milliliters of n-heptane purified in the same 
manner as above was introduced into a flask sufficiently 
purged with nitrogen, and the solid component synthesized 
above was measured off equivalent to 0.06 mol of Mg, and 
introduced into flask. Subsequently, 0,1 mol of SiCl 4 was 
mixed with 25 milliliters of n-heptane, and the mixture was 
introduced into the flask at 30°C in 30 minutes to carry 
out the reaction at 70°C for 3 hours. Upon completion of 
the reaction, the resulting product was rinsed with 
n-heptane. Then, 0.006 mol of phthalic acid chloride was 
mixed with 25 milliliter of n-heptane, which was introduced 
into the flask at 70°C in 30 minutes, and reacted at 90°C 
for an hour . Upon completion of the reaction, the resulting 
product was rinsed with n-heptane. Subsequently, 2.5 mol 
of TiCl 4 was introduced and reacted at 90°C for 3 hours. 
Upon completion of the reaction, the resulting product was 
rinsed with n-heptane sufficiently, and 2.5 mol of TiCl 4 
was additionally introduced and reacted at 90°C for 3 hours. 
Upon completion of the reaction, the resulting product was 
rinsed sufficiently with n-heptane to obtain a solid 
component (Al) for producing component (A) . The product 
contained 2.6% by weight of titanium. 

Furthermore, 50 milliliters of n-heptane purified in 
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the same manner as above was introduced into a flask 
sufficiently purged with nitrogen, and 5 grams of the solid 
component synthesized above was introduced therein and 
contacted with 1.2 milliliter of (t-C^g) Si (CH 3 ) (OCH 3 ) 2 and 
1.7 gram of A1(C 2 H 5 ) 3 at 30°C for 2 hours. Upon completion 
of the contact reaction, the reaction product mixture was 
sufficiently rinsed with n-heptane to obtain a component 
(A) containing magnesium chloride as the principal 
component. The product contained 2.6% by weight of 
titanium. 

[Polymerization of propylene] 
A stainless steel autoclave having an inner volume of 
3 . 0 liters equipped with a stirrer and a thermal controller 
was heated and dried under vacuum, and after cooling to room 
temperature, it was substituted with propylene to introduce 
therein 550 milligrams of Al (C 2 H 5 ) 3 as the component (B) and 
56 milligrams of tet r amethylurea as component (C) together 
with 5, 000 milliliter of hydrogen, and 1, 000 grams of liquid 
propylene was introduced respectively. After setting the 
internal temperature to 75°C, propylene polymer i zat ion was 
started with pressure-assisted introduction of 7 milligrams 
of the component (A) produced above. One hour later, the 
polymerization was quenched . by the pressure-assisted 
introduction of 10 milliliters of ethanol, and the polymer 
thus obtained was recovered and dried. Thus, 238.5 (g) of 
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polymer was obtained. The polymer yielded MFR of 23 (g/10 
min) , polymer bulk density of 0.48- (g/cc), and CXS of 0.7 
(wt%) . 

Example- 2 

The same procedure as that in Example-1 was carried 
out except for using 55 milligrams of 

1 , 3-dime thyl-2-imidazolidinone in the place of 
tetramethylurea of component (C) . As a result, 205.8 (g) 
of polymer was obtained . The polymer yielded MFR of 23 (g/10 
min), polymer bulk density of 0.48 (g/cc), and CXS of 0.6 
(wt%) . 

Example- 3 

The same procedure as that in Example-1 was carried 
out except for using 61 milligrams of 

1, 3-dimethyl-3, 4, 5, 6- tetrahydro-2 (1H) -pyrimidinone in 
the place of tetramethylurea of component (C) . As a result, 
225.6 (g) of polymer was obtained. The polymer yielded MFR 
of 23 (g/10 min ) , polymer bul k density of 0.48 (g/cc), and 
CXS of 0.8 (wt%) . 
Example-4 

The same procedure as that in Example-1 was carried 
out except for using 49 milligrams of 

N, N-dime thylpropionamide in the place of tetramethylurea 
of component (C) ♦ As a result, 280.3 (g) of polymer was 
obtained. The polymer yielded MFR of 32 (g/10 min), polymer 
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bulk density of 0.46 (g/cc), and CXS of 0.9 (wt%). 
Example-5 

The same procedure as that in Example-1 was carried 
out except for using 116 milligrams of 
N, N' -dimethyl-N, N' -diphenylurea in the place of 
tetramethylurea of component (C) . As a result, 256.0 (g) 
of polymer was obtained. The polymer yieldedMFR of 30 (g/10 
rain) , polymer bulk density of 0.48 (g/cc), and CXS of 0.9 
(wt%) . 

Example- 6 

The same procedure as that in Example-1 was carried 
out except for using 82 milligrams of 

1 , 3-diacethyl-2-imidazolidinone in the place of 
tetramethylurea of component (C) . As a result, 219.7 (g) 
of polymer was obtained. The polymer yieldedMFR of 31 (g/10 
min) , polymer bulk density of 0.48 (g/cc) , and CXS of 0.9 
(wt%) . 

Comparative Example-1 

The same procedure as that in Example-1 was carried 
out except for not using tetramethylurea of component (C) . 
As a result, 308.2 (g) of polymer was obtained . The polymer 
yielded MFR of 34 (g/10 min) , polymer bulk density of 0.48 
(g/cc), and CXS of 1.4 (wt%). 

Comparative Example- 2 

The same procedure as that in Example-1 was carried 
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out except for not using tet ramethylurea of component (C) , 
and for using 80 milligram of ( t-C 4 H 9 ) Si (CH 3 ) (OCH 3 ) 2 as 
component (D) . As a result, 291.3 (g) of polymer was 
obtained. The polymer yieldedMFR of 31 (g/10 min) , polymer 
bulk density of .0.47 (g/cc) , and CXS of 1.1 (wt%). 
. Comparative Example-3 

The same procedure as that in Example-1 was carried 
out, except for using 43 milligrams of methyl carbonate in 
the place of tetr amethylur ea of component (C) . As a result, 
102.2 (g) of polymer was obtained. The polymer yielded MFR 
of 32 (g/10 min), polymer bulk density of 0 . 48 (g/cc) , and 
CXS of 0 . 9 (wt%) . 

Comparative Example- 4 

The same procedure as that in Example-1 was carried 
out, except for using 91 milligrams of 

2 , 2-diisopropyl- 1 , 3-dimethoxypr opane in the place of 
tetramethylurea of component (C) . As a result, 203.7 (g) 
of polymer was obtained. The polymer yieldedMFR of 39 (g/10 
min), polymer bulk density of 0.46 (g/cc), and CXS of 0.8 
(wt%) . 

The results above are shown in Table 1. 
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Example-7 

[Production of Component (A) ] 

Two hundred milliliters of dried and deoxidized n-heptane 
was introduced in a flask sufficiently purged with nitrogen, 
and then, 0.4 mol of MgCl 2 and 0.8 mol of Ti (0-n-C 4 H 9 ) 4 were 
introduced therein and reacted at 95°C for 2 hours . On completion 
of the reaction, the reaction mixture was cooled to 40°C, and 
48 milliliters of methyl hydropolysiloxane (20 centistokes) was 
introduced and reacted for 3 hours. The solid component thus 
produced was rinsed with n-heptane. 

Then, 50 milliliters of n-heptane purified in the same manner 
as above was introduced into a flask sufficiently purged with 
nitrogen, and the solid component synthesized above was measured 
off equivalent to 0.06 mol of Mg, and introduced into flask. 
Subsequently, 0.1 mol of SiCl 4 was mixed with 25 milliliters of 
n-heptane, and the mixture was introduced into the flask at 30°C 
in 30 minutes, and reacted at 70°C for 3 hours. Upon completion 
of the reaction, the resulting product was rinsed with n-heptane . 
Then, 0.006 mol of butyl acetate cellosolve was mixed with 25 
milliliter of n-heptane, which was introduced into the flask 
at 70°C in 30 minutes; and reacted at 90°C for an hour. Upon 
completion of the reaction, the resulting product was rinsed 
with n-heptane. Subsequently, 2.5 mol of TiCl 4 was introduced, 
and reacted at 90°C for 3 hours . Upon completion of the reaction, 
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the resulting product was rinsed with n-heptane sufficiently, 
and 2.5 mol of TiCl 4 was additionally introduced to carry out 
reaction at 90°C for 3 hours. Upon completion of the reaction, 
the resulting product was rinsed sufficiently with n-heptane 
to obtain a solid component (Al) for producing component (A). 
The product contained 2.6% by weight of titanium. 

Furthermore, 50 milliliters of n-heptane purified in the 
same manner as above was introduced into a flask sufficiently 
purged with nitrogen, and 5 grams of the solid component 
synthesized above was introduced therein and contacted with 1.5 
milliliters of ( t-C 4 H 9 ) Si (n-C 3 H 7 ) (OCH 3 ) 2 and 1 . 7 gram of Al (C 2 H 5 ) 3 
at 30°C for 2 hours. Upon completion of the contact reaction, 
the reaction product mixture was sufficiently rinsed with 
n-heptane to obtain a component (A) containing magnesium chloride 
as the principal component . The product contained 2.2% by weight 
of titanium. 

[Polymerization of propylene] 

The same process as that used in Example-1 was carried out 
except for using the above component as component (A) and for 
using 83 milligrams of tet rae thy lur ea in the place of 
tetramethylurea of component (C). As a result, 272.3 (g) of 
polymer was obtained . The polymer yielded MFR of 31 (g/lOmin), 
polymer bulk density of 0.48 (g/cc) , and CXS of 0.9 (wt%). 

Example- 8 
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[Production of Component (A) ] 

One hundred milliliters of dried and deoxidized toluene was 
introduced, in a flask sufficiently purged with nitrogen, and 
then, 10 grams of Mg ( OEt ) 2 was introduced to be suspended therein. 
Then, 20 milliliters of TiCl 4 was introduced, and the temperature 
was raised to 9 0°C. Then, 2. 5 milliliters of di-n-butyl phthalate 
was introduced, and the temperature was raised to 110°C and the 
mixture was reacted for 3 hours. On completion of the reaction, 
the reaction mixture was rinsed with toluene. Then, 20 
milliliters of TiCl 4 and 100 milliliters of toluene were 
introduced and reacted at 110°C for 2 hours. On completion of 
the reaction, the product was sufficiently rinsed with n-heptane, 
and 20 milliliters of TiCl 4 and 100 milliliters of toluene were 
further introduced and reacted at 110°C for 2 hours . On completion 
of the reaction, the product was sufficiently rinsed with heptane 
to obtain a solid component (Al) for producing component (A) . 
The product contained 2.7% by weight of titanium. 

Furthermore, 50 milliliters of n-heptane purified in the 
same manner as above was introduced into a flask sufficiently 
purged with nitrogen, and 5 grams of the solid component 
synthesized above was introduced therein and contacted with 1.5 
milliliters of (C 5 H 9 ) 2 Si (OCH 3 ) 2 and 1.7 gram of Al(C 2 H 5 )3 at 30°C 
for 2 hours . Upon completion of the contact reaction, the reaction 
mixture was sufficiently rinsed with n-heptane to obtain a 
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component (A) containing magnesium chloride as the principal 
component. The product contained 2.3% by weight of titanium. 
[Polymerization of propylene] 

The same process as that used in Example-1 was carried out 
except for using the above component as component (A) and for 
using 48 milligrams of l-methyl-2-pyrrolidinone in the place 
of tetramethylurea of component (C) . As a result, 238.5 (g) of 
polymer was obtained. The polymer yielded MFR of 10 (g/10 min) , 
polymer bulk density of 0.48 (g/cc) , and CXS of 1.0 (wt%). 

Example- 9 

[Production of Component (A) ] 

One hundred milliliters of dried and deoxidized toluene was 
introduced in a flask sufficiently purged with nitrogen, and 
then, 1 0 grams of Mg ( OEt ) 2 was introduced to be suspended therein. 
Then, 20 milliliters of TiCl 4 was introduced, and the temperature 
was raised to 90°C. Then, 2.5 milliliters of 
2 , 2-diisopropyl-l , 3-dime thoxypropane was introduced, and the 

temperature was raised to 110°C and the mixture was reacted for 
3 hours. On completion of the reaction, the reaction mixture 
was rinsed with toluene. Then, 20 milliliters of TiCl 4 and 100 

milliliters of toluene were introduced and reacted at 110°C for 
2 hours. On completion of the reaction, the product was 
sufficiently rinsed with n-heptane, and 20 milliliters of TiCl 4 
and 100 milliliters of toluene were further introduced and reacted 
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at 110°C for 2 hours. On completion of the reaction, the product 
was sufficiently rinsed with heptane to obtain a solid component 
(Al) for producing component (A). The product contained 2.7% 
by weight of titanium. 

Furthermore, 50 milliliters of n-heptane purified in the 
same manner as above was introduced into a flask sufficiently 
purged with nitrogen, and 5 grams of the solid component 
synthesized above was introduced therein and contacted with 2.7 
milliliters of ( C 6 H n ) CH 3 S i ( 0CH 3 ) 2 and 1.7 gram of A1(C 2 H 5 )3 at 
30°C for 2 hours. Upon completion of the contact reaction, the 
product was sufficiently rinsed with n-heptane to obtain a 
component (A) containing magnesium chloride as the principal 
component. The product contained 2.3% by weight of titanium. 
[Polymerization of propylene] 
The same process as that used in Example-1 was carried out 
except for using the above component as component (A) and for 
-using 81 milligrams of bis (tetramethylene) urea in the place of 
tetramethylurea of component (C). As a result, 205.8 (g) of 
polymer was obtained. The polymer yielded MFR of 15 (g/10 min) , 
polymer bulk density of 0.47 (g/cc), and CXS of 0.7 (wt%). 
The results above are given in Table 2. 
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Example- 1 0 

[Propylene Block Copolymerization] 

A stainless steel autoclave having an inner volume of 3.0 
liters equipped with a stirrer and a thermal controller was heated 
and dried under vacuum, and after cooling to room temperature, 
it was substituted with propylene. 550 milligrams of Al (C 2 H 5 ) 3 
as the component (B) , 56 milligrams of tetramethylur ea as 
component (C) , 10, 000 milliliters of hydrogen, and 1, 000 grams 
of liquid propylene were introduced therein respectively . After 
setting the internal temperature to 75°C, propylene 
polymerization was started with pressure-assisted introduction 
of 7 milligrams of the component (A) produced in Example-1. One 
hour later, propylene and hydrogen were sufficiently purged to 
complete the first stage polymerization step. Polymer yield was 
219.3 (g) . Then, 20 g of the product polymer was sampled under 
puri f ied nitrogen . 

Subsequently, the temperature was raised to 80°C under 
stirring, and propylene gas and ethylene gas were charged after 
elevating the temperature in such a manner that the total pressure 
of polymerization should become 2.0 MPa to initiate the second 
polymerization setp. Thus, polymerization was carried out at 
80°C for 20 minutes while supplying a gas mixture of propylene 
and ethylene in such a manner that the total pressure of 
polymerization should become 2.0 MPa. In this case, the 
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propylene/ (propylene + ethylene) ratio was 45 . 3 mol% in average . 

Then, polymer i zat ion was completed by purging the mixed gas. 
The polymer yield of the thus obtained propylene block copolymer 
was 236.2 (g) , and polymer fraction produced at second step was 
16 % by weight. The whole polymer product had MFR of 32 (g/10 
min) , polymer bulk density of 0.48 (g/cc), while the polymer 
sample at the first step had MFR of 95 (g/10 min) , polymer bulk 
density of 0.47 (g/cc), CXS of 0.8 (wt%), II of 97.27 (wt%), 
and density of 0.9101 (g/cc). 

Example-1 1 

[Polymerization of propylene] 

A stainless steel autoclave having an inner volume of 3.0 
liters equipped with a stirrer and a thermal controller was heated 
and dried under vacuum, and after cooling to room temperature, 
it was substituted with propylene to introduce therein 550 
milligrams of A1(C 2 H 5 ) 3 as the component (B), 56 milligrams of 
tetramethylurea as component (C) , and 80 milligrams of 
( t-C 4 H 9 ) si (CH 3 ) (OCH 3 ) 2 as component (D) , together . with 5,000 
milliliters of hydrogen, and 1,000 grams of liquid propylene 
was introduced respectively. After setting the internal 
temperature to 75°C, propylene polymerization was started with 
pressure-assisted introduction of 7 milligrams of the solid 
component (Al) produced in Example-1. One hour later, the 
polymerization was quenched by the pressure-assisted 
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introduction of 10 milliliters of ethanol, and the polymer thus 
obtained was recovered and dried. As a result, 215.2 (g) of the 
polymer was obtained. The polymer yielded MFR of 15 (g/10 min) , 
polymer bulk density of 0.49 (g/cc) , and CXS of 0.8 (wt%). 
Example- 12 

The same process as that of Example- 11 was carried out, except 
for using 55 milligrams of 1 , 3-dimethyl-2-imidazolidinone in 
the place of tetrame thylurea of component (C) in Example-11. 
As a result, 219.8 (g) of the polymer was obtained. The polymer 
yielded MFR of 11 (g/10 min) , polymer bulk density of 0 . 48 (g/cc) , 
and CXS of 0.7 (wt%) . 

Example-13 

The same process as that of Example- 1 1 was carriedout, except 
for using 61 milligrams o f 

1, 3-dimethyl-3, 4, 5, 6- tetr ahydro-2 (1H) -pyr imidinone in the 
place of tetramethyl.urea of component (C) in Example-11. As a 
result, 206.5 (g) of the polymer was obtained. The polymer 
yielded MFR of 11 (g/10 min) , polymer bulk density of 0.48 (g/cc), 
and CXS of 0 . 8 (wt%) . 
Example-14 

The same process as that of Example-11 was carriedout, except 
for using 49 milligrams of N, N-dimethylpropionamide in the place 
of tetramethylurea of component (C) in Example- 1 1 . As a result, 
215.2 (g) of the polymer was obtained. The polymer yielded MFR 
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of 13 (g/10 min), polymer bulk density of 0.48 (g/cc), and CXS 
of 0 . 8 (wt%) . 

Example- 1 5 

The same procedure as that in Example-11 was carried out 
except for using 55 milligrams of 1, 3-dimethyl-2-imidazolidinone 
in the place of te t ramethylurea of component (C) in Example-11, 
and for using 104 milligrams of 

2 , 2-di isopropyl- 1 , 3-dimethoxypropane in the place of 
( t-C 4 H 9 ) Si (CH 3 ) (OCH 3 ) 2 as component (D) . As a result, 154.3 (g) 
of polymer was obtained. The polymer yielded MFR of 32.5 (g/10 
min) , polymer bulk density of 0.48 (g/cc) , and CXS of 0.7 (wt%) . 

Comparative Example- 5 

The same procedure as that in Example-11 was carried out 
except for not using t e tr ame thylur ea of component (C) in 
Example-11. As a result, 204.2 (g) of polymer was obtained . The 
polymer yielded MFR of 25 (g/10 min) , polymer bulk density of 
0.47 (g/cc), and CXS of 1.5 (wt%). 

Comparative Example-6 

The same procedure as that in Example-11 was carried out 
except for using 36 milligrams of methyl acetate in the place 
of tetramethylurea of component (C) in Example-11 . As a result, 
208.8 (g) of polymer was obtained. The polymer yielded MFR of 
40 (g/10 min), polymer bulk density of 0.46 (g/cc), and CXS of 
1 . 5 (wt%) . 
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The results above are given in Table 3. 
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Example-1 6 

[Polymerization of propylene] 

The same process as that of Example- 11 was carried out, except 
for using the solid component (Al) produced in Example-7 as 
component (A) , 83 milligrams of t et raethylurea in the place of 
tetramethylurea of component (C), and 90 milligrams of 
(t-C 4 H 9 ) Si (n-C 3 H 7 ) (OCH 3 ) 2 in the place of ( t-C 4 H 9 ) S i ( CH 3 ) (OCH 3 ) 2 
as component (D) . As a result, 203.6 (g) of the polymer was 
obtained. The polymer yielded MFR of 16 (g/lOmin), polymer bulk 
density of 0.47 (g/cc), and CXS of 0.9 (wt%). 

Example- 17 

[Polymerization of propylene] 

The same process as that of Example - 11 was carried out , except 
for using the solid component (Al) produced in Example-8 as 
component (A) , 48 milligrams of l-methyl-2-pyrrolidinone in the 
place of tetramethylurea of component '(C) , and 110 milligrams 
of (C 5 H 9 ) 2 Si (OCH 3 ) 2 in the place of ( t-C 4 H 9 ) Si (CH 3 ) (OCH 3 ) 2 as 
component (D). . As a result, 198.5 (g) of the polymer was obtained . 
The polymer yielded MFR of 20 (g/10 min) , polymer bulk density 
of 0.46 (g/cc), and CXS of 1.0 (wt%). 

Example-1 8 

[Polymerization of propylene] 

The same processasthatof Example- 11 was carried out, except 
for using the solid component (Al) produced in Example-9 as 
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component (A) , 81 milligrams of bis ( t etr amethylene ) urea in the 
place of tetramethylurea of component (C) , and 180 milligrams 
of (C 9 H 17 N) 2 Si (OCH 3 ) 2 in the place of ( t-C 4 H 9 ) Si (CH 3 ) (0CH 3 ) 2 as 
component (D) . Asaresult, 225.7 (g) of the polymer was obtained . 
The polymer yielded MFR of 16 (g/10 min) , polymer bulk density 
of 0.47 (g/cc), and CXS of 0.7 (wt%). 

Comparative Example- 7 

[Polymerization of propylene] 

The same polymerization as that of Example-18 was carried 
out, except for using the component (Al) produced in Example-9 
as component (A) , and for not using component (C) . 

The results above are given in Table 4 . 
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Example-19 

[Polymerization of propylene] 

A stainless steel autoclave having an inner volume of 1.5 
liters equipped with a stirrer and a thermal controller was 
sufficiently substituted with gaseouspropylene, into which 500 
ml of sufficiently dried and deoxidized n-heptane, 550 milligrams 
of A1(C 2 H 5 ) 3 as the component (B) , 12 milligrams of 
1, 3-dimethyl-2-imidazolidinone as component (C) , 17 milligrams 
of (t-CHg) Si (CH 3 ) (OCH 3 ) 2 as component (D) , and 15 milligrams of 
component (Al) produced in Example-1, were introduced 
respectively, followed by 390 milliliters of hydrogen. Then, 
the temperature and the pressure were raised. Propylene 
polymerization was. carried out at a polymerization pressure of 
5 g/cm 2 G and a polymerization temperature of 75°C for 2 hours. 
On completing the polymerization, the polymer slurry thus 
obtained was filtrated and the polymer was dried. As a result, 
144.5 g of polymer was obtained. 

The atactic polymer having low s tereoregular i ty and 
dissolved in the filtrate was 0.2% by weight. By the boiling 
heptane extraction, the total product II (T-II) was found to 
be 98.5% by weight. The polymer thus obtained yielded MFR of 
8.4 (g/10 min) and polymer bulk density of 0.42 (g/cc). 
The results above are given in Table 5. 
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Example-20 

[Production of component (A) ] 

Two hundred milliliters of dried and deoxidized n-heptane 
was introduced in a flask sufficiently purged with nitrogen, 
and then, 0.4 mol of MgCl 2 and 0.8 mol of Ti (0-n-C 4 H 9 ) A were 
introduced therein and reacted at 95°C for 2 hours . On completion 
of the reaction, the reaction mixture was cooled to 40°C, and 
48 milliliters of methyl hydrogenpolysiloxane (20 centistokes) 
was introduced and reacted for 3 hours. The solid component thus 
produced was rinsed with n-heptane. 

Then, 50 milliliters of n-heptane purified in the same manner 
as above was introduced into a flask sufficiently purged with 
nitrogen, and the solid component synthesized above was measured 
off equivalent to 0.06 mol of Mg, and introduced into flask. 
Subsequently, 0.2 mol of SiCl 4 was mixed with 25 milliliters of 
n-heptane, and the mixture was introduced into the flask at 30°C 
in 30 minutes, and reacted at 90°C for 4 hours. Upon completion 
of the reaction, the resulting product was rinsed with n-heptane 
to obtain a solid component for use in producing component (A) . 
The product contained 3.5% by weight of titanium. 

Furthermore, 50 milliliters of n-heptane purified in the 
same manner as above was introduced into a flask sufficiently 
purged with nitrogen, and 5 grams of the solid component 
synthesized above was introduced therein and contacted with 0.2 
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mol of SiCl 4 , 2.8 milliliter of ( t-C 4 H 9 ) Si (CH 3 ) (OCH 3 ) 2 , and 9.0 
gram of Al (C2H5) 3 at 30°C for 2 hours . Upon completion of the contact 
reaction, the reaction product mixture was sufficiently rinsed 
with n-heptane to obtain a component (A) containing magnesium 
chloride as the principal component . The product contained 3 . 0% 
by weight of titanium. 

[Polymerization of propylene] 

A stainless steel autoclave having an inner volume of 1.5 
liters equipped with a stirrer and a thermal controller was 
sufficiently substituted with gaseous propylene, into which 500 
ml of sufficiently dehydrated and deoxidized n-heptane, 125 
milligrams of A1(C 2 H 5 )3 as the component (B) , 12 milligrams of 
1 , 3-dimethyl-2-imidazolidinone as component (C), and 15 
milligrams of component (A) produced above, were introduced 
respectively, followed by the introduction of 130 milliliters 
of hydrogen . Then, the temperature and the pressure were raised. 
Propylene polymerization was carried out at a polymerization 
pressure of 5 g/cm 2 G and a polymerization temperature of 75°C 
for 2 hours. On completing the polymerization, the polymer 
slurry thus obtained was filtrated and the polymer was dried. 
As a result, 46.5 g of polymer was obtained. 

The atactic polymer having low stereoregulari t y and 
dissolved in the filtrate was 0.9% by weight. By the boiling 
heptane extraction, T-II was found to be 96.4% by weight. The 
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polymer thus obtained yielded MFR of 6. 6 (g/10 min) and polymer 
bulk density of 0.36 (g/cc). 
Example-21 

The same process as that of Example- 2 0 was carried out, except 
for using N, N-dime thylpropionamide in the place of 
1 , 3-dimethyl-2-imidazolidinone as component (C) in Example-2 0 . 
As a result, 48.3 (g) of polymer was obtained. Thus obtained 
polymer yielded an atactic fraction of 1.2% by weight, T-II of 
95.9% by weight, MFR of 7 . 0 (g/10 min) , and polymer bulk density 
of 0.38 (g/cc) . 

Comparative Example- 8 

The same process as that of Example-2 0 was carried out, except 
for not using 1 , 3-dimethyl-2-imidazolidinone as component (C) 
in Example-20. As a result, 64.0 (g) of polymer was obtained. 
Thus obtained polymer yielded an atactic fraction of 1.5% by 
weight, T-II of 92. 9% by weight, MFR of 8 . 6 (g/10 min) , and polymer 
bulk density of 0.34 (g/cc). 

Comparative Example- 9 

The same process as that of Example-2 0 was carried out, except 
for using 17 milligrams of ( t-C 4 H 9 ) Si (CH 3 ) (0CH 3 )2 in the place 
of 1 , 3-dimethyl-2-imidazolidinone as component (C) in 
Example-2 0 . As a result , 47.4 (g) of polymer was obtained . Thus 
obtained polymer yielded an atactic fraction of 1.0% by weight, 
T-II of 95.3% by weight, MFR of 7.3 (g/10 min), and polymer bulk 
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density of 0.35 (g/cc). 

The results above are given in Table 6. 

Table 6 





Component (C) 
C (=0) N bond containing 
organic compound 


Yield 

g 


MFR 

g/lOmin 


Bulk 

Density 

g/cc 


Atactic 
fraction 
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T-II 
wt% 


Example-20 


1 , 3-dimethyl- 
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46.5 
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0.36 
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7 . 3 
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Example-22 



[Production of Component (A) ] 

One hundred milliliters of dried and deoxidized toluene was 
introduced in a flask sufficiently purged with nitrogen,, and 
then, 10 grams of Mg(OEt) 2 was introduced to be suspended therein . 
Then, 20 milliliters of TiCl 4 was introduced, and the temperature 
was raised to 90°C. Then, 2.5 milliliters of 
2 , 2-diisopropyl-l , 3-dimethoxypropane was introduced, and the 
temperature was raised to 110°C and the mixture was reacted for 
3 hours. On completion of the reaction, the reaction mixture 
was rinsed with toluene. Then, 20 milliliters of TiCl 4 and 100 
milliliters of toluene were introduced and reacted at 110°C for 
2 hours. On completion of the reaction, the product was 
sufficiently rinsed with n-heptane to obtain a solid component 
(Al) . The product contained 2.6% by weight of titanium. 

Furthermore, 50 milliliters of n-heptane purified in the 
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same manner as above was introduced into a flask sufficiently 
purged with nitrogen, and 5 grams of the solid component 
synthesized above was introduced therein and contacted with 1 . 5 

milliliters -of (C 5 H 9 ) 2 Si (OCH 3 ) 2 and 1 . 7 gram of Al (C 2 H 5 ) 3 at 30°C 
for 2 hours . Upon completion of the contact reaction, the reaction 
mixture was sufficiently rinsed with n-heptane to obtain a 
component (A) containing magnesium chloride as the principal 
component. The product contained 2.3% by weight of titanium. 
[Polymerization of propylene] 

A stainless steel autoclave having an inner volume of 1.5 
liters equipped with a stirrer and a thermal controller was 
sufficiently substituted with gaseous propylene, into which 500 
ml of sufficiently dried and deoxidized n-heptane, 125 milligrams 
of A1(C 2 H 5 ) 3 as the component (B), 12 milligrams of 
1 , 3-dimethyl-2-imidazolidinone as component (C), and 15 
milligrams of component (A) produced above, were introduced 
respectively, followed by the introduction of 130 milliliters 
of hydrogen . Then, the temperature and the pressure were raised. 
Propylene polymerization was carried out at a polymerization 
pressure of 5 g/cm 2 G and a polymerization temperature of 75°C 
for 2 hours. On completing the polymerization, the polymer 
slurry thus obtained was filtrated and the polymer was dried. 
As a result, 92.4 g of polymer was obtained. 

The atactic polymer having low stereoregulari ty and 
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dissolved in the filtrate was 0.2% by weight. By the boiling 
heptane extraction, the total product II (T-II) was found to 
be 98.9% by weight. The polymer thus obtained yielded MFR of 
18.5 (g/10 min) and polymer bulk density of 0.40 (g/cc). 
Example-23 

[Polymerization of propylene] 

The same process as thatof Example- 2 2 was carried out , except 
for using the solid component (Al) produced in Example-22 as 
component (A) , 13 milligrams of t et ramethylurea in the place 
of 1 , 3-dimethyl-2-imidazolidinone for component (C), and 17 
milligrams of ( t-C 4 H 9 ) Si (CH 3 ) (OCH 3 )2 for component (D) . As a 
result, 135.3 g of polymer was obtained. The polymer yielded 
atactic fraction of 0.2% by weight, T-II of 98.0% by weight, 
MFR of 14.6 (g/10 min) , and polymer bulk density of 0.38 (g/cc). 

The results are given in Table 7. 



Table 7 





Component (C) 
C(=0)N bond 
containing organic 
compound 


Yield 

g 


MFR 

g/ 1 Omin 


Bulk 

Density 

g/cc 


Atacti c 
fraction 
wt% 


T-II 
wt% 


Example-22 


1 , 3-dimethyl- 
2-imidazolidinone 


92 . 4 


18 . 5 


0.40 


0.2 


98.9 


Example-23 


tet ramethylurea 


135 . 3 


14 . 6 


0.38 


0 . 5 


98.0 



Examples-24 to -29 



[Polymerization of propylene] 

The same process as that of Example-1 was carried out, except 
for using 7 milligrams of component (A) produced in Example-1 
and for using the components (C) each at predetermined amounts 
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shown in Table 8. The results are given in Table 
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[Results and Discussion of the Examples and Comparative Examples ] 
By comparing the results obtained in Example-1 to -29 and in 
Comparative Example-1 to -9 , it can be clearly understood that, as 
compared to the comparative examples, the present invention yields 
superior results in the balance of yield, bulk density, cold xylene 
solubility (CXS) , insoluble fraction to boiling heptane (II), and 
the like. 

More specifically, it can be seen that Comparative example 1 
not using any components (C) and Comparative example 2 using the 
other compound than the present invention as component (C) are superior 
to Examples 1 to 6 only in yield, but are extremely inferior in cold 
xylene solubility (CXS) ; Comparative example 1 is also low in boiling 
heptane insoluble fraction (II) . In Comparative example 3, in which 
the other compound than the present invention is used as component 
(C) , the yield is found to be extremely low; concerning Comparative 
example 4, in which the other compound than the present invention 
is used as component (C) , the yield and the boiling heptane insoluble 
fraction (II) are both poor. Similarly, in Comparative examples 5 
to 7, in which component (C) is not used, or the other compound than 
the present invention is used as component (C) , in particular, it 
is found that the physical properties of cold xylene solubility (CXS) 
andboiling heptane insoluble fraction (II) are inferior. Concerning 
Comparative example 8, in which component (C) is not used, the atactic 
fraction and the total product II (T-II) are poor, and in Comparative 
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example 8, in which the other compound than the present invention 
was used as component (C) , the total product II (T-II) is found to 
be inferior. 

Industrial Applicability 

The catalyst for polymerizing a-olefin according to the present 
invention has high catalyst activity and provides excellent yield 
at polymerization; the a-olefin polymer polymerized by the catalyst 
for polymerizing a-olefin according to the present invention is 
characterized in that it contains extremely low amorphous component 
and that has high stereoregularity; furthermore, it exhibits high 
density, stiffness, heat resistance, and excellent mechanical 
properties . 

Furthermore/ the a-olefin polymer can be favorably utilized in 
usages requiring high stiffness and high heat resistance, such as 
automobile parts, electric appliances, wrapping materials, and the 
like . 
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